We have measured the magnetic field and temperature dependence of the resistivity of several micrometers long and heterogeneously thick graphite sample. The magnetoresistance results for fields applied nearly parallel to the graphene planes show both a granular superconducting behavior as well as the existence of magnetic order in the sample.
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The possible existence of high-temperature superconductivity in highly oriented pyrolytic graphite (HOPG) has been speculated 10 years ago from resistivity and SQUID measurements [1] . For fields parallel to the c-axis of the HOPG samples and after subtraction of the huge diamagnetic background, the magnetization showed superconducting-like, sampledependent hysteresis loops [1] . Strikingly, SQUID measurements indicated also the presence of high-temperature magnetic order in graphite. Both behaviors appeared to depend on the sample and its thermal treatment. The intrinsic origin of the ferromagnetic signals in HOPG in virgin as well as in irradiated HOPG found convincing evidence through SQUID, x-ray magnetic circular dichroism (XMCD) and anisotropic magnetic resistance (AMR) measurements, see Ref. 2 and Refs. therein. There is consent that this phenomenon is related to defects in the graphite structure, including non-magnetic ad-atoms as hydrogen [3, 4, 5, 6, 7] .
Regarding the existence or not of superconductivity in graphite several studies provided some but still not conclusive support for its existence, see Ref. 1 and Refs. therein. Theoretical work that deals with possible superconducting states in graphite as well as in graphene has been published in recent years. For example, p-type superconductivity has been predicted to occur in inhomogeneous regions of the graphite structure [8] or d−wave high-T c superconductivity in graphite based on resonance valence bonds [9] . Following the BCS approach in two dimensions (with anisotropy) critical temperatures T c ∼ 60 K have been estimated if the density of conduction electrons per graphene plane is n ∼ 10 14 cm −2 , a density that might be induced by defects and/or hydrogen ad-atoms [10] . Predictions for superconductivity in graphene were also published [11, 12] supporting the idea that n > 10 13 cm −2 in order to reach T c > 1 K. In contrast to the basically 3D superconductivity in intercalated graphitic compounds, see e.g. Ref. 13 , it is speculated that T c in the graphene layers of graphite may be much larger because of the role of the high-energy phonons of the 2D graphite structure itself [10] .
Recently published high-resolution measurements of the magnetoresistance (MR) of micrometer small and several tens of nanometers thick graphite samples suggest the existence of inhomogeneous, granular superconductivity with critical temperature T c 25 K [14] . The shows metallic behavior with an anomalous large magnetoresistance. The observed phenomena support the view that HOPG is a system with non-percolative superconducting domains immersed in a semiconducting-like matrix [14] .
Recent experimental study suggests that the internal interfaces between ∼ 50 nm thick (in the c−axis direction) crystalline graphite regions running parallel to the graphene planes might be the regions where superconductivity is located [16] . These interfaces may have enough carrier density to trigger granular superconductivity with different critical temperatures, keeping the quasi-two dimensional behavior. This phenomenon is actually not new but already observed at the interfaces between Bi crystals where superconductivity up to ≃ 20 K was found, although pure Bi is not superconducting [17] .
The aim of this work is to check whether transport measurements could provide further evidence for a granular superconducting-like behavior. For this purpose we need to locate the voltage electrodes nearer those internal interfaces. Simultaneously, we search for ferromagnetic-like behavior in the MR, which should exist in virgin HOPG samples according to SQUID results for fields applied parallel to the graphene planes [2] . Our experimental work demonstrates that a heterogeneously thick and several micrometers long graphite flake shows superconducting as well as ferromagnetic-like behaviors in the MR. The prevailing behavior depends on the measured region on the sample.
The sample we show in this study was obtained from a HOPG sample with 0.4
• rocking curve width. The impurity levels of metallic elements are below 5 µg/g with the exception of V (16 µg/g). The preparation of the MG samples is simple and based on exfoliation of pieces of the HOPG sample. We have used ac current I of amplitude 1 µA. Current dependent behavior has been observed at I 3 µA but because self heating effects can play a role, we will not discuss this in this work. Note also that the current does not flow only through the interfaces and therefore the interpretation of current dependence in the MR is not simple. The measurements presented below were done on the longitudinal channels CH3 and CH4.
The other channels CH5 and CH6 show a mixture of usual Hall, planar Hall effect features and longitudinal resistance behavior, as observed in CH3 and CH4 when the field is applied nearly parallel to the sample surface, and will not be further discussed here. or interphases between crystalline graphite regions, see Fig. 1(c) , even in the case a long range macroscopic phase coherence would exist at the interfaces, it is clear that due to the c−axis resistance a zero-resistance state can never be measured between the electrodes of CH3. If our assumption of granular superconductivity below ∼ 50 K for the region measured by CH3 is correct, the MR results shown in Fig. 2 suggest that the contribution to the MR due to granular superconductivity is overwhelmed by a large background, whatever its origin.
Because our aim is to search for a more obvious hint for superconductivity in the MR, it should be clear that we need to decrease the MR background substantially. This is possible reducing the field component normal to the graphene layers [19] in such an amount that the applied field will still be able to influence the order parameter of the superconducting grains and/or the coupling between them. to recently done theoretical estimates, the carrier density as well as the effective mass of the carriers in HOPG can have a strong influence on its T c [10] . Therefore, we expect a distribution of T c at the interfaces. We interpret the broadening of the transition at higher T as related partially to the expected distribution of T c , to the increasing phase fluctuations with T but also to a Hall component, which is the origin of the field asymmetry in the MR clearer observed at higher T , see Fig. 3(a) .
At low enough T the overall behavior of the MR measured at CH3 resembles that found in different granular superconductors. The negative and small MR observed at low fields and the change to a positive MR, see Fig. 3(a) , are features strikingly similar to that observed in, e.g. fractal Pb films [20, 21] , Al nanowires [22] , or Sn stripes close to the global T c [23] . Several interpretations about the origin of the negative MR have been published, as e.g. non-equilibrium charge imbalance at normal-superconducting interfaces produced by localized phase-slip centers [22, 23] , quenching of the pair-breaking effect by the applied field on Kondo impurities localized at the interfaces [20] , increase of the local critical current (determined by the interference between regions of different superfluid densities) with field [20] or to the coexistence of two superconducting phases [21] . In our case, however, the negative MR at low fields and temperatures has a different origin, as we demonstrate below.
The MR of CH4, measured simultaneously with that of CH3, shows a qualitatively different behavior, see Fig. 3(b) . This is compatible with those observed in many ferromagnetic materials. This negative MR is accompanied by a hysteresis at low fields, see Fig. 4 , that gets smaller the higher the temperature. This fact reveals the existence of magnetic order similar to the one reported recently for irradiated HOPG sample [2, 24] . Note that at low fields the negative MR is practically identical for both channels, see Fig. 4(a) , and that this vanishes for T → 50 K for CH4. We can estimate the change of ferromagnetic magnetization at saturation M s assuming that M s ∝ MR 1/2 at high enough fields. Using the data obtained at 7 T for the MR at CH4, we obtain a linear decrease of M s with T with an effective critical Curie temperature T C ∼ 50 K, see Fig. 4(b) . This linear decrease with T of M s (T ) agrees with the quasi two-dimensional magnetic order in proton- [25] as well as carbon-bombarded HOPG samples [26] . We note, however, that this Curie temperature is an effective one since the electrodes measure in parallel both ferromagnetic as well as non-ferromagnetic regions that could have lower resistivity at high T and therefore affect the measured voltage. We may conclude therefore that in the sample region measured by CH4 the ferromagnetic signal overwhelms.
In conclusion we have measured the temperature and magnetic field dependence of the resistivity of an inhomogeneous, mesoscopic HOPG sample. The behavior depends on the sample region. In particular in sample regions where the electrodes pick up the response
